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SUBJECT INDEX 
Anatomy, 
cambium, 149, 154 
endoplasmic reticulum, 144, 145, 
297 
epidermis, 209, 359 
mesophyll, 145, 193, 203, 208, 
232, 344-345 
phloem, 148, 152, 165, 203, 305 
loading, 145 
sieve cell plate, 144-145, 148, 
156, 159 
plasmalemma, 149 
plastids, 297 
protein inclusions, 297 
spherosomes, 297 
xylem, 149, 152, 193-194, 305 
Biological efficiency, 388 
Carbohydrate metabolism, 58-59, 
66,70,84,340-341 
nitrogen effects, 241, 260, 263 
nitrate reductase, 261 
root activity, 246-247, 250-252 
Computer simulation, 48 
canopy, 39 
economics, 12-14 
microclimate, 347,349-350, 352, 
354,356 
photosynthe sis, 329, 344, 350, 352, 
354, 356 
production systems, 42-43, 338 
Cultural practices, 327,339-342 
canopy, 31, 43 
carbon dioxide fertilization 
double cropping, 338 
light manipulation, 359 
no-tillage culture, 334-335 
equipment, 336 
water, 334 
plant population, 189, 280, 288, 328 
height, 329 
planting date, 288, 337 
planting method, 274 
stand geometry, 31, 48, 278-281, 
328 
mosaic, 29, 37, 40-41 
planting pattern, 332-333 
wagon wheel design, 328 
variety interaction, 278-281 
wind management, 362-365 
391 
Development and differentiation, 291 
abscisic acid, 303, 310, 312 
apical dominance, 310 
auxins, 181,292,297,305,306, 
310,312,316,325 
chemical, 295 
chromosome number, 297 
cytokinin, 297, 303, 306 
cytoplasmic, 324 
DNA,291 
eukaryotes, 292 
floral initiation, 71,292-293, 304, 
308, 325 
gene expression, 291, 293 
endogenous controls, 293, 299, 
378 
enzymatic, 292 
gibberellins, 301-303, 312 
growth, 29, 57, 291-294 
hormonal, 180,294-295,299-303, 
304, 310, 312, 323, 324 
leaf senescence, 306, 312 
microhabitat, 298 
nutrients, 74,304, 308-309 
organogenesis, 291, 294,296-297, 
298,304 
photoperiod, 295, 298, 303, 307, 
308,310, 315 
phytomer, 294 
primoridum initiation, 56, 293-294, 
308 
prokaryotic organisms, 292 
RNA, 292, 295, 306, 312 
mRNA, 291-292 
tRNA,292 
"re-differentiation", 297 
storage tissues, 296-297, 307 
development phases, 299 
fruit, 301, 324-325 
seed reserves, 301 
sucrose concentrations, 304-305, 
324 
temperature, 295, 298, 303, 307, 
310, 315 
bud and seed dormancy, 298 
vernalization, 298, 315 
terminal differentiation, 57,297 
translocation, 305, 311, 324 
vegetative, 57,293,307 
yield, 307,312,315-316 
Diallel analysis, 384 
392 
Germ plasm, 375 
isogenic lines, 384 
Insolation (see Light, radiation) 
Interdisciplinary problem span, 1 
Light, radiation, insolation, 344, 
346-347,351, 359-362 
absorption, 28, 94, 100, 362 
canopy, 28-29, 31-34, 36, 39-40, 
41-42,44 
competition, 329 
extinction coefficient, 28,30,32, 
36,40,95,100,103 
interception, 27,31,33-34,39,42, 
92-93, 98, 108, 189 
leaf area index, 19, 28, 33,36,40, 
44,50,74,189,205,275,333-
334, 361-362 
light distribution, 28, 31, 36, 40, 
42, 89-90, 108, 115, 351, 359 
management, 359,362 
measurement, 89,92-94,95-96, 
99,104,107,112 
nitrogen effects, 248-249 
penetration, 39, 89, 90, 92, 99-
100, 112 
plant height, 329 
radiation, 89-92, 93-96, 97-106 
diffuse, 31, 38-39, 90-92, 100-
101,102 
direct, 33-34, 90, 101 
distribution, 89, 90, 94, 114 
flux, 28, 31-32, 36, 89, 90, 95, 
96,100-102, III 
incident, 38, 48, 90, 94, 95, 97, 
99,108 
long wave, 90, 102 
net, 102, 105 
reflected, 94, 100 
short wave, 102 
solar, 94 
Stefan's constant, 102 
transmitted, 38-39,94,96,97-
98, 101, 104, 115 
response, 135, 359-360 
skylight, 33-34 
solar elevation, 34, 36, 40, 42, 90, 
95,98, 100, 102 
spectra, 99 
composition, 90,94 
gradient, 90, 95 
standard overcast sky, 39, 100 
uniform sky, 39 
yield, 108, 307 
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Metabolic regulation, 89,192,340 
differentiation, 57, 293, 299, 301 
growth regulation, 57, 193, 197, 
299,301 
operon, 378 
sinks, 169-170 
water deficit, 57, 340 
Microclimate, 40, 298 
aerodynamics, 118, 121, 135, 139 
140 
air flux, 362-363 
attenuation coefficient, 124 
canopy 
"blow through", 125 
diffusivity, 43, 140, 363, 367 
diffusivity coefficient, 118 
drag coefficient, 120,121,127, 
139,140 
evaporation, 43, 139, 344 
extinction coefficient, 40, 95, 99, 
103, 108, 367 
foliage density, 120, 121, 126 
frictional effect, 131, 134 
leaves, 43, 347-348 
porosity, 368 
Prandti mixing length, 126 
radiation profiles, 344 
Reynold's number, 131 
Reynold's shearing stress, 126 
Richardson numbers, 138-139 
vapor pressure deficit, 355 
ventilation, 43,117,344,348, 
362,367 
viscosity model, 126 
carbon dioxide, 352, 363, 367 
concentration, 347, 348, 352, 369 
exchange, 137, 139 
flux intensity, 118, 125, 127, 134, 
141 
management, 344 
profiles, 350, 363 
community, 27-30,34,37,40 
diffusive resistance, 141, 345, 347-
348, 351-352 
eddy diffusivities, 137-138 
energy balance, 118, 119, 120, 139 
energy budget, 119, 139 
energy exchange, 118, 130 
energy flux, 100 
exchange rates, 134, 141 
gaseous exchange, 117, 118-121, 
124,129,135,137,142 
feedback mechanism, 122, 141 
growth analysis, 129 
heat budget, 121, 139 
humidity, 344, 350 
SUBJECT INDEX 
Microclimate 
log profile method, 125 
measurement (instrumentation), 
134, 351-352 
mixing length model, 126 
momentum balance method, ll9, 
121, 124, 135 
momentum budget, 121, 125, 136, 
139 
momentum exchange, 120 
momentum flux intensity, 120, 126 
pollution, 369 
radiation, 205 
Richardson number, 138 
simulator, 343-345, 350, 356 
transport mechanisms, 139 
temperature, 141,298,344,358 
leaf, 60,141,344,351-352 
wind, 141-142 
management, 362-363 
turbulence, 117, 130-131, 133-
134, 137,343, 348, 363 
Morphology and related terms, 193, 
197 
canopy, 34, 38-39,42 
community, 27-30, 34,37,40-42, 
44,48 
construction unit, 265-266 
culm length, 19, 266-267, 329 
culm thiclmess, 267-269 
ideotype, 332, 337 
leaves 
angle, 32-34, 43, 48,50,93,94, 
98,102,271,333-334,362, 
382 
erectophile, 33-34, 50,93, 
104, 107 
plagiofile, 34, 93 
planophile, 34, 44, 50, 93, 
100, 104, 108 
point-quadrant analysis, 29, 
36,93,94,96,97 
area, 28, 58, 92, 185, 344 
distribution, 29-31, 33-36, 40, 
42 
duration, 29, 42, 298 
foliage, 38, 93, 95, 101,113, 
115, 120, 121, 126, 139 
angle, 33-34 
cluster, 30 
contacts, 93 
density, 28-29, 35 
gaps, 30-33,93-94,97 
horizontal, 29, 32-33, 45, 92-
93,96,98,106 
non-random, 40, 43, 96, 97, 
101 
Morphology and terms, leaves, 
foliage 
393 
random, 29-31, 36-37, 96, 97, 
99, 101, 108 
spherical, 93, 100, 105 
vertical, 96, 98 
leaf area index, 28, 33, 36, 40, 
50,92,96,97,101,102, 
104,107,189,275,361,362 
lodging, 266, 332 
nonleaf structure, 41 
number, 19 
orientation, 17 
phyllotaxy, 96,108 
rooting patterns, 335, 342 
thiclmess, 270 
tillering, 19,272-274,333 
transluscence, 99 
unit layer, 39, 96-97, 99 
vertical density, 30, 35 
vertical distribution, 31, 34-35, 
40,105 
width, 50, 270 
Nitrogen metabolism, 63-64, 84, 235 
carbohydrate accumulation, 262-
263 
isozymes, 381 
development, 381 
hybrids, 381 
light effects, 248-249 
nitrate accumulation, 250 
nitrate reductase, 249, 261, 378-
380 
nitrite reductase, 261 
photosynthesis, 244-245, 263 
protein hydrolysis, 58, 311, 312 
protein synthesis, 58, 59,61-63, 
247,292,306,313,376-377 
species, 260 
Nutrients, 
fertilizer, 
application techniques, 22, 237, 
263 
carbon dioxide enrichment, 141, 
348,365-366,368 
nitrogen, 235, 272, 286-289 
ammonium toxicity, 249 
nutrient balance, 22-23, 288, 304 
plant analysis, 340 
varietal differences, 252-255 
uptake, 60-61 
water deficit, 60-63 
Photoperiod, 283, 292-293, 299, 303, 
308,341 
growth substances, 301 
phytochrome, 303 
394 
Photorespiration, 185, 196-197, 213-
215,216-217,218,226,346,350, 
352 
anatomy, 187-188, 196-197, 209-
210 
carbon dioxide concentration, 187, 
214 
genetic control, 221-223 
glycolate oxidase, 216-217 
glycolic acid, 187,208,212,217, 
219 
measurement, 185-186,213-214, 
217-218 
Michaelis-Menten equation, 346 
oxygen, 186,204,215,216 
post illumination CGa burst, 214 
species, 186-187, 196, 208, 214, 
215,217,219,221 
temperature 
water deficit, 68-69 
Photosynthesis, 27,36-37,40,43-
44,48-49,148,185-186,191, 
195-196 
carbon dioxide concentration, 208, 
210,216,226,232 
carboxylation, 192,210-213,215, 
232-233 
Calvin-Benson cycle, 210-212 
C4 pathway, 188,203,210-213 
efficiency, 28,210-212,216, 
226,229,233,382 
kinetics, 212, 215-216, 228 
oxygen, 212, 215-216, 233 
pathways, 212, 232, 313 
PEP carboxylase, 212 
r~e,43, 89,94, 104,105,108, 
191 
ribulose diphosphate carboxy-
lase, 192,211,233 
species, 209-210, 213, 233 
chlorophyll, 27-28, 41 
chloroplast activity, 27, 68,188, 
203,321-322,380 
compensation point, 68-69, 170, 
187,208-210,215,227,232 
efficiency, 195-196, 210,212,215, 
223,227,313 
feed-back control, 321-322 
Km, 212, 215 
land, 183 
light distribution, 90 
light intensity, 90,210 
light quality, 90,92,94,95 
marine, 183 
mesophyll, 227 
net, 68, 185, 187-189,207,209, 
213,217,221 
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Photosynthesis, 
net assimilation, 28-29,43-44, 
188-189,313,346,349 
nitrogen effects, 244-245 
oxygen, 212,215,216,229 
phosphoenopyruvic carboxylase, 
212 
Qlo,352 
rates, 129, 142, 189-190, 192, 
196-197,205,321-322 
regulation, 191-193 
respiration, 129, 185,208,214, 
218-219, 247 
ribulase diphosphate carboxylase, 
192, 211, 233 
root effects, 247 
species, 209-210, 212-213,216-
217,221,231,233 
temperature, 217, 218-219, 221 
water deficit, 66, 76-77 
yield, 43, 195-197,204 
Physiological genetics, 375-376, 387 
DNA, 291, 313 
chromatin, 295 
gene blocking, 295 
gene expression, 293 
genetiC code, 376-377 
mutation, 376 
replication, 376 
structure, 376 
transformation, 377 
transduction, 377 
heterosis, 378-379 
enzyme activity, 378--380 
chloroplast activity, 380 
energy transfer, 378-380 
mitochondrial complementa-
tion,381 
nitrate reductase, 378-380 
RNA, 295, 313 
messenger, 292,376 
polymerase, 295 
ribosomal, 295, 376 
transfer, 292,376 
Population improvement, 385 
Radiation (see Light, insolation) 
Resources 
definition, 3 
development, 4, 6-9 
economics, 5, 12-14 
utilization, 6-9 
Respiration, 21, 45, 48-49,108,185-
186,189,205,208,209,213-214, 
218, 346-348, 352, 360 
Arrhenius equation, 346 
cell age, 173-174 
SUBJECT INDEX 
Respiration, 
compensation point, 68, 208, 215 
glycolysis, 177 
growth efficiency, 22, 263 
leaf level, 189 
nitrogen, 244-245 
oxygen, 186, 215 
pathways, 173 
photosynthesis, 185-186, 189, 205, 
247,263,322-323 
Qlo,346 
rate, 129 
water deficit, 68 
Sink, 69, 84, 190, 194,203,205,262, 
306,313, 321-323 
cell division and expansion, 173 
development, 169, 180-181 
kinds, 169-170, 174 
metabolic reactions 
cell age, 174, 181 
invertase, 172, 175 
starch formation, 175, 176-177 
controls, 177 
phosphorylases, 176 
synthetases, 176 
sugar nucleotides, 176-177 
sugar absorption, 172-173, 174-
175 
translocate storage, 173, 175, 
193 
translocate utilization, 173, 175 
parasitism, 170 
phosphate cycle, 182-183 
photosynthesis, 182-183 
control, 178 
symbiosis, 170 
Soil, 
atmosphere, 342 
biological activity, 117, 342, 367 
fertility 
yield, 23-25 
toxicity, 340 
water, 54-55 
Stomata, 122, 130, 134,210, 344-345 
boundary layer, 344 
control, 60, 68, 84, 355-357 
carbon dioxide, 60, 68,208, 
226-227,231-232 
chemicals, 207-210, 227,231-
232,356 
guard cells, 207-210, 221, 232 
light, 208 
water, 55, 60,207,226 
diffusive resistance, 66-67, 207, 
209-210,214,227,232,344, 
347,350,352,355,358,362, 
365 
395 
Stomata, 
leaf temperature, 68 
sUbstomatal cavity, 345 
Systems analysis, 1, 8-10, 13, 48 
Translocation, 42, 159, 170, 192 
distribution, 49, 190-:191, 193, 
197,204,205,310-311,324-
325 
concentration gradients, 148-
149, 157, 167, 170-171 
directional, 155,158,159-160, 
170 
growth centers, 148, 169, 193 
inhibitors, 158 
leaf position and age, 148, 152-
153,159-160,170,193 
nitrogen effects, 251-252 
radial, 149-150, 155 
tangential, 151-155 
energy requirement, 145, 156, 
172-173, 175, 194 
feed-back,299,305 
mechanics, 69, 143-144, 156-160, 
171,193-195,305-306 
cyclosis diffusion, 144, 157, 159 
Munch, 143, 156, 161 
pressure flow, 143, 157, 158, 
159,165,166,167 
protoplasmic streaming, 143 
pumps, 158, 161, 166 
phloem, 170 
loading, 145, 156, 171, 194 
removal, 155-156, 173 
rates, 143, 147-148, 149, 157, 171 
substances, 59, 70, 77, 165, 171, 
173, 180-181, 305 
amino acids, 145, 147, 156, 173 
312 
assimilates, 21, 145-147, 149, 
154, 156, 172-173 
growth regulators, 147, 156, 158, 
191-192,193-195,292,305-
306 
herbicides, 143 
sucrose, 144, 171, 175-176 
utilization, 156, 160, 173, 193 
virus, 145, 147, 156 
water, 159 
temperature, 158 
Transpiration, 54, 56, 59, 84, 87, 
118,141,207,356-357,362 
epidermal, 84, 359 
transpiration ratio, 357 
waste, 2 
Water, 
absorption, 54, 87 
396 
Water, 
defictt, 54, 56-57, 59, 64, 84, 85, 
340 
growth, 57, 64-65, 86 
inflorescences, 71 
leaf temperature, 69 
roots, 59 
yield, 64, 66,71,74-77 
desalting, 11 
hydrologic cycle, 3 
pollution, 11 
potential 
gradient, 54, 85 
plant, 54, 84, 85 
soil, 54, 84, 87 
quality, 10 
transport, 6, 60, 87, 149, 159,208, 
305 
use efficiency, 210, 226 
Yield, 28-29, 31,42,44,50,195-196, 
203 
canopy, 28 
leaf initiation, 307 
leaf senescence, 311 
tillering, 19-20, 76, 272-274, 
308-309, 333 
competition, 40 
barrenness, 330-332 
competitive interaction, 309, 
329-330 
cooperative interaction, 329 
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Yield, 
competition 
plant uniformity, 330-332 
stand geometry, 278-281, 328 
variety, 278-281 
components, 236,262,275,282 
grain number, 16-18, 71, 74-75, 
307-308 
grain weight, 17-18 
hull Size, 236, 240 
inflorescence number, 17-18, 
71, 235-236, 308 
leaf number, 74-75, 307 
spikelet number, 16-18,71, 
235-236 
storage structure, 299-301, 307 
environment, 194-195, 344 
fertilizer, 235, 262, 266, 286-289 
grain-straw ratio, 277-278,288 
growth analysis, 29 
growth rate, 29, 43-44 
ideotype, 332, 337 
leaf area index, 19, 28, 32,40,44, 
50,74,189,275 
nitrogen effects, 237-238, 262-
263 
spikelet number, 74, 237-239 
limit, 197, 388 
net assimilation, 74, 77 
photoperiod 
production, 15,28,30,37-38,42, 
44,50 
requirement, 1 
